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MODIFICATIONS OF THE OCULAR REFRACTION OF PILOTS AT GREAT ALTITUDES. 
I 

(Les modifications de l a  re f rac t ion  oculaire  chez l e s  p i lo t e s  des ' 

grandes a l t i t udes .  ) 

15th In te rna t iona l  Astronautical Congress, Sept. 7-12, 1964, Warsaw, 

M.Popesco, M.Stefan, and N. Cinca. Unpublished E. 

Poland. .. 

.~ 

- .  .. 
The e f f ec t  of high a l t i tudes  Dn t h e  ocular r e f r ac t ion  of p i l o t s  was 

studied i n  a l t i t u d e  chambers,' by means of proldometers. Transient : 
I 

I 

I myopia of a degree proportional t o  t h e  a l t i t ude ,  is produced by 
- - - - - - _-  - - _  __  __ -- - -  

spasm of t h e  c i l i a r y  muscle. A s t i g m a t i s m ,  qyopia, and other refrac-  I 
,, 

t i o n  anomalies a r e  in tens i f ied  at grea t  a l t i t udes ,  leading t o  p i l o t  
-._ 

fatigue.  Persons w i t h  s l i gh t  hypermetropia (+l, +2 diopt.)  are 

- affected . 
, I  

Under the  conditions of f l i g h t  a t  high a l t i t udes ,  the  p i l o t  must have nor- 

. m a l  v isua l  acui ty  t o  b e  adaptable t o  these working conditions. 

Ocular r e f r ac t ion  i s  the  most impo/rtant parameter f o r  achievement of Vis- I 
I 

I 

I 
I I 

I 

. ual  acuity.  

By state of ocular re f rac t ion  are  beant t h e  deviations,  produced i n  a 1 

.. 4 ' l i g h t  ray penetrating t h e  eye, by the +fringent surfaces and centers  of the  
I 

visual .  analyzer, as w e l l  as t h e  posit ion of t he  r e t i n a  with respect t o  t h e  cor- 
-, 

. ~ nea and c r y s t a l l i n e  lens.  

- ' % Xumhersin t he  margin indicah-paginat ion i n  t h e _ d . g i n a L f L e x L  - __I__ 

This re f rac t ion  i s  s t a t i c  i f  the  curvatures of the  
* -. 

-_--- __ - -. - 
--- _ _  _I_ - ----I/ __-- - ..-- ~ 
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c rys t a l l i ne  l e n s  remain s t ab le  o r  dynamic i f  t h e  curvatures, i .e .  ,- t h e  refrin- : 

! 

gence of t h e  c rys t a l l i ne  humor, change under t h e  influence of accommodation. 

me prime fac tors  of ocular accommodation are t h e  modifications of t he  
i _ .  

curvature of t he  f ace t s  of the lens,  which change the  re f rac t ion  and permit the  
, 

formation of l ight-ray f o c i  on the  ret iha,  no matter where they originate.  
1 

Many researchers mention frequent modifications i n  refract ion,  as p a r t  of I 

- - t h e  ocular def ic ienc ies  responsible f o r  l o c a l  o r  general  disorders (Bib1.6,19). 
~ 

A l l  symptoms that accompany modifications of t he  ocular re f rac t ion  become 

- L  aggravated during t h e  working process, leading t o  f a t igue  phenomena. 
- _  
- Another point t o  be considered is t he  influence of ambient f ac to r s  on the  

v i s u a l  analyzer, spec i f i ca l ly  i f  disorders of re f rac t ion  are involved (hyperme- 
I 

-- t rop ia ,  myopia, astigmatism) which are  hot adaptable and lead t o  signs of fa- 
I - 
I 

P* 2 ’ - .  t i gue  (Bibl.3, 4, 5, 15, 16, 17). 
- ---- - -  -- __ -- . - _ I  ~ _- ”- _ _  

The hypobarism a t  great  a l t i t udes  getermines the  functional modifications 

*- . a t  the  l e v e l  of t h e  op t ica l  analyzer, pa r t i cu la r ly  of the  ocular re f rac t ion .  
- I 

-_ I n  our research, we studied t h e  ocular r e f r ac t ion  j o i n t l y  with t h e  v i s u a l  

. accommodation under the reduced-pressure conditions of t he  a l t i t u d e  chaxxber, 

equivalent t o  f l i g h t  a t  great  a l t i tudes:  

Ekperimental Conditions 

, 

, 
- 

- 
A t o t a l  of 1 2  ocular parameters were investigated,  i n  order t o  es tab l i sh  

- ,  

--i t he  funct ional  capacity of t he  v i s u a l  a b l y z e r  of p i lo t s .  

_ _  

I 

i 
W e  present here only t h e  resu l t s  obtained f o r  two parameters - re f rac t ion  1 

r 
- and v i sua l  accommodation - with 382 p i lb t s ,  divided i n t o  four  groups which were! 

i 

I 
1 

i ! 
~ teweter-(+arti%ep) ~--eetxi%t%rctn~-at-gzw~~+&eveL~--& -&,- aixi--is~- a 

I 

. -  

--I 

subjected t o  altitude-chamber t e s t s  a t  $000, 12,000, l 5 ,OOO and 18,000 m. 
I 

I 
f - ,  

The ocular r e f r ac t ion  was  determinpd by means of a coincidence refrac-  .. -1 - -  
I - - .  _. -. 

-- I- -, _ _  ___- 1- ---I-- ---T--q 
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. .  

mediately a f t e r  leaving the  a l t i tude  chamber. 

Together w i t h  the ocular refraction, the V i s u a l  accommodation was stud- 

NUMd€R #P/LOZS TESTED ATsiscom 

c I 26 I I 

I. I a I 1 
F'ig.1 - Mean Values of Ocular Refraction, i n  

Diopters (X) of P i lo t s  of Group No.1, a t  
Sea Level, a t  Rest (zl), and Immediately 
a f t e r  the Low-Pressure Test a t  5000 m &), 
f o r  the  r igh t  eye (-) and f o r  the  l e f t  
eye (-1 , 

its of v i s u a l  accommodation. 

ied, spec i f i ca l ly  the 

pr oxhometry, by 

means of an e l e c t r i c  

monocular proximo- 

meter (M.Popesco). 

This instru-  

ment permitted a 

study of the "punc- 

tum proxhumtt, even 

during the  t e s t s  i n  

t h e  a l t i t u d e  chamber, 

a t  various moments 

of the t e s t  s e r i e s .  

The results were 

transmitted over an 

e l e c t r i c  cable t o  

outside of the alti- 

tude chamber, which 

permitted a determi- 

nation of the dynam- 

- _. - 

We analyzed the normalization of ocular refract ion and of the punctum 

proximum at  sea level ,  a f t e r  terminatian of the altitude-chamber t e s t ,  every 

t en  minutes over the  period of one hour. 
1 

I - .- . - _ _  - . - - - - -_ I___ - _. - -  ~ 

-- "I. . -  - 
!I:--:--2- - -. - -J - -_ . 
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~ P - 3  .%. Experimental Results I 

--.. The ocular re f rac t ion  showed an increase i n  all p i l o t s  of t he  four  - .  
I" groups, manifesting i t s e l f  by a lnyopia proportional t o  the  a l t i t ude ,  f o r  both I 

. 

8 

FSg.2 - Mean Values of Ocular Refraction, i n  Diop- 
ters (X) f o r  P i l o t s  of Group NodII, a t  Sea Level 
( a t  Rest) (TI ) and Immediately after t h e  Alti- 
tude-Chamber Test a t  5000 m ( h )  and a t  12,000 m 
(&I, f o r  the  r i g h t  eye (-) and f o r  t he  l e f t  
eye (-1 I 

i 

I 

eyes, with the  1 
1 following mean I ~ 

values: a t  5000 m, 

1.04 rt0.02 diop- 
I 

ters; a t  12,000 m, 

1.21 i0.06 diop- 

ters; at  15,000 m, 

1.60 M.06 diop- 

-tersj--a&M, 089-11t, 

1.65 *0.09 diop- 

ters. 

A s t a t i s t i c a l  
analysis  of t h e  I 

i 
data  obtained f o r  

each group result- 

ed i n  a high var- 

- !  i a b i l i t y  fac tor ,  because of the  f a c t  tdat the  r e f r ac t ion  i n  these subjects  was # .  
4. )  I ~ 

_ _ _ !  not homogeneous. I 
i r  I 
'rf 1 , 
- 

_ -  t h e  p i l o t s ,  a negl igible  myopia or hypirmetropia. 

The ocular r e f r ac t ion  a t  sea lev&, a t  rest, showed i n  a s m a l l  number o f '  
- &  

Table 1 contains the  sta- , 
- 4  f 

-.' t i s t i c a l  values of t h e  ocular re f rac t ion  f o r  the  group No.1 ( 5 0 0 0  m). 
- 1  ,-!! -, 

- -- - - - __ - __I-_ -- - _ _  ! 
I 
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A comparison of t h e  mean values, obtained upon leaving t h e - a l t i t u d e  

chamber (5000 m, 12,000 m, 15,000 my and 18,000 m) with those obtained a t  sea 

Table 1 

Mean Values f o r  the Ocular Rqfraction (Z) i n  Diopters, the 
Standard Errors (S.E.) and t h e  Var iab i l i ty  Coefficient (V.C.) 
f o r  P i lo t s  a t  Sea Level, a t  Rest (q) and Immediately a f t e r  
the Altitude-Chamber Test a t  i5000 m ( s )  f o r  the Left  Eye 
(L.E.) and f o r  the Right Eye (R.E.) 
f o r  the Differences between the Mean Values of the Ocular 
Refraction a t  5000 m and the Mean Values obtained a t  Sea 
Level f o r  R.E. and L.E. 

The Values of t and p 

(Group No.1) 

- 
l e v e l  (differences f o r  t h e  four groups), ind ica tes  a very s igni f icant  increase 

of t h e  refringence of the crystal l ine lens,  with appearance of low-pressure 

myopia p C 0.001. 

To check on the modification of ocular re f rac t ion  under the reduced- 

pressure conditions a t  great  alt i tudes,!  we studied the dynamic V i s u a l  accomoda- 

I 

I 

- 

_ _ ,  t i o n  of the  punctum proximum during thd t e s t s  i n  the  a l t i t u d e  chamber. 
I I 

These studies confirmed the resul’ts obtained on ocular refract ion:  I n  
I 

f a c t ,  the  punctum p r o d m  is more clodely approached than t h a t  recorded a t  I 

- sea leve l ,  a t  r e s t ,  before the  decompression, i.e.,  an increase i n  the ampli- ’ 

- tude of accommodative contraction. This approach of the punctum p r o h u m  ap- 

- -pears &0*115--2Qbubes -afhrAhe-lre@ning .of the-nrpnrcdmpand, dimira=. 

i 

I - __ I 

I. - . I--- ___A -. ” 

.. t_- .-I_ _I --- _ _ _ . I  

I 
I 
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. .. . 

- _  i shes  progressively, r e l a t ive  t o  the a l t i t ude ,  u n t i l  the  end of the t e s t .  P.4 

The punctum proximum showed a decrease f o r  both eyes, with a mean of 

1.5 f 0.01 cm f o r  Group No.1 (5000 m); 2.5 cm f o r  Group No.11 (12,000 m); 

2.90 f 0.18 cm f o r  Group No.111 (15,000 m ) ,  and 2.95 f 0.27 cm f o r  Group No-IV 

(18,000 m). 

. -  To give an example, we will preserit the  s t a t i s t i c a l  data  of Group No.N 

I -  (18,000 m). 

Table 2 

Mean Values of the Punctum Fhldrnum (x), i n  Centimeters, 
the Standard Errors (S.E.) and t h e  Var iab i l i ty  Coefficient 
(V.C.) f o r  the  P i l o t s ,  a t  Sea Level, a t  Rest (Fl)  and i n  
the  Alti tude Chamber a t  5000 m (G ), a t  12,000 m (G ), a t  
14,000 m (&), a t  16,000 m (s ) ,  and at  18,000 m ( s )  f o r  
the  Right Eye and t h e  L e f t  Eye. The values of t and p a r e  
f o r  the  differences between the mean values of the punctum 
proximum a t  5000 m ( E ) ,  at 12,000 m ( E ) ,  a t  U,OOO m (%I, 
at 16,000 m &), at 18,000 m (5)  and the  values obtained 
at sea level-(xl)  for R.E. -and L.E. - (GFOUPTO.IV)- - - -  -- 

. *  
' - h t e r p r e t a t i o n  of the  Results 

I 

I 

i !  
/ - -  -. The funct ional  modifications of the visual analyzer at  reduced pressure 

- _ -  - - - - .- - -_ - -_ _ _  - - _  . __ _. - 
- 

_I I - _ _ . I .  6- --- - i --"I _ _  -_I _ I  
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are mostly produced by reflex mechanisms which enter  t he  hypoxic disorders  of 

t he  higher nervous a c t i v i t y  (Bib1.1, 2, 7, 8, 14). The hypoxia has a spec i f i c  

- .  . 
I 

: influence on the  e n t i r e  organism, a lso  hroducing funct ional  insuf f ic ienc ies  of i 

i 
I 
I ' . ce r t a in  organs. 

-- I 

Hypoxia primarily influences the smooth msculature 'and produces there,  1 
I 
i 

i  I 

_ i n  addi t ion t o  severe perturbations of h1 organs and systems, degenerative 

;. modifications. I ! 
I 

t 

The c i l i a r y  muscle is a smooth mugcle; consequently, t h e  appearance of ani 
_. ~ --_--__--__I. ~ - _ _  - -- _ _  - - - - - - - - 

---- 
- ~~---;~-~--j -__-.- I .  



~ _. ' increased contraction under the  conditions of low-pressure hypoxia i s  r e a d i l y -  

explainable. 
I ?  I n  the  i n i t i a l  compensated phase,' when the  oxygen of t he  blood diminish- 1 

es, hypoxia does not produce d i s t i n c t  d isorders  i n  the  a c t i v i t y  of the  nervous 

r -  I 

6 c  

4C 
1 

I 

I 

8 'iL 4 x2 

1 I - 

Fi 5 - Mean Values of t he  Puncturd Prodmum 
f;), i n  Centimeters, f o r  t he  Piqots at 
Sea Level, at  Rest (Ex), and i n  {the A l t i -  
tude Chamber a t  5000 m ( g )  f o r  ROE. (-) 
and L.E. (--) Group I 

system and leads  merely , 

t o  aAintensif icat ion of 

t he  exc i ta t ion  process 

a t  the  l e v e l  of t he  cer- 

ebra l  cortex. 

simple 

A prolonged oxygen 

deficiency results i n  an 

accumulation of catabo- 

l i t e s ,  leading t o  a 

weakening of t he  princi-  

pa l  nervous process due 

t o  an inh ib i t i on  of t h e  

protect ion i n  the  cortex 

and i n  the  subcortex. j 

I n  the  a l t i tude-  

___-- - ._ 

i 
f 
I 

chamber t e s t s ,  made a t  

5000 and 18,000 my t he  j p.5 
percentage of hypoxia I i 

* , w a s  less because of t he  f a c t  t h a t ,  ab0 e 5000 m, t h e  p i l o t s  breathed oxygen 
-2  I 7 

+ t he  exci ta t ion process of t h e  nervous denters, which might explain t h e  appear- 1 1 

- through a spec ia l  mask. This s l igh t  h h o x i a  resu l ted  i n  an in t ens i f i ca t ion  o f '  
, 

I I __ 
~ : - - I  ance of low-pressure myopia by a spasm /of t he  c i l i a r y  muscle. I n  addi t ion t o  ! 

I - - __ . _- -- - -  - - -_ __  - .--_ - ----___-- 
-- -1. j 

I ---..I__. -- --1 - -  I-9 - 
- -- ,--- 



- - - _ ,  - - _ _  I _ _  -. _- "- -_ 
;. this chemical component, represented bp t he  hypolda, t h e  physico-mechanical 

component must a l s o  be taken i n t o  consideration. 

by the  ra refac t ion  (expansion) of t h e  f r e e  gases i n  t h e  organism. 

I 

This component i s  produced ' 
I 

I n  addition 

t o  GO, and G, dis -  

solved i n  t h e  blood I 

and i n  t h e  humors, 
I 

and possibly com- 

p l e t e ly  l inked t o  the  

hemoglobin and t o  bi-  

carbonates which are 

not toxic ,  there  i s  

a l s o  nitrogen which ' 

i s  d i f f i c u l t  t o  dif- 

fuse. Nitrogen i s  
__- -- -- - 

dissolved i n  the  hu- ' 

Fig.6 - Mean Values of the  Puncturs Proximum (F) 
i n  Centimeters, f o r  t h e  P i l o t s  at Sea Level, 
a t  Rest ( z  ) and i n  the  Alti tude Chamber a t  
5000 m (&) and at  12,000 m (%) f o r  R.E. (-) 

mors and i n  the adi- 

pose t i s sues ,  having 

- 

c t  and L.E. (-) thoup I1 a s o l u b i l i t y  five 

~ 

1 

times g rea t e r  i n  fats than i n  water. 
- -_ 
_I 

I n  t h e  orbi t ,  t h e  ocular globe is '  surrounded by r i c h  adipose t i s sue  
I 

- which pro tec ts  the neurovascular formatkons. These formations, located i n  the  1 
__  . !orbit ,  a l s o  include the  c i l i a r y  gangli$ through which pass t h e  most important I I 

I 
1 

__ . nerve t racks  (short  c i l i a r i e s ,  long c i l i a r i e s ,  and sympathetic f i b e r s )  which 

lead t o  t h e  c i l i a r y  body i t s e l f .  

I 

I 
The rda t ive ly  l a rge  amount of nitrogen f 

I -_ 
- which, dissolved i n  the  adipose o rb i t a l  t i s sue ,  produces modifications i n  t h e  I - 

. -i nerve transmission, behaves completely l i k e  a foreign body. 
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The nitrogen, whose p a r t i a l  pressure i s  modified, a l s o  influences the 

v i s u a l  accommodation playing a r o l e  i n  the  repolar izat ion phenomena which occur 

2 . L*€. le6 &€. E€. L.€. 

0 

I 25 I 
MEANYAW€MHLOT 

I 28 I 

F'ig.8 - Mean Values of the Vctum Proximum (F), i n  Cen- 
timeters, for the  Pilots,  d t  Sea Level (Zl ) and i n  t h e  
Altitude Chamber at 5000 m ( G ) ,  a t  12,000 m (g), a t  
l.!+,OOO m (k), a t  16,000 m ( E ) ,  and at  18,000 m (5 )  
f o r  R.E. (-1 and L.E. (-1 (Group No. IV) 

I 
a t  t h e  l e v e l  of the  c i l i a r y  ganglion. At t he  moment of re turn  t o  sea leve l ,  

-. at normal pressure, a desaturat ion of nitrogen i n  t h e  various p a r t s  of t he  

' analyzer takes place and a normalizatign of t h e  v i s u a l  functions occurs. 
I - - - 

I 
- 

- -___ - - -_ -- - - - _ -  __ ,-- - .-i2. . . I 

._ I 

- -_ -.-_ -- -- _ _  -- _-_ - 
! 
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1 The visual accommodation o f  t h e  mobile punctum proximum requiring t h e  

,adjustment of i t s  dynamic image which osc i l l a t e s  between sharp vision, c lose 

I 

Fig.9 - Edema a t  the Bkse of the  Ciliary Body 

' v i s ion  and c loses t  vision, i s  changed b the  reduced pressure a t  grea t  &ti- 

"he punctum proximum, defined b$ the  e l e c t r i c  monocular proximometer 
l 

-c tudes. 
I . I  

~ --,and ve r i f i ed  by refractometry, approachps the eye i n  d i r e c t  r e l a t i o n  with the  
I 

! 
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- -  - - ~ .. 
' a l t i tude,  being a function of t h e  training of the  p i l o t  f o r  high-al t i tudefl ights .  

I 
. Checking on t h e  V i s u a l  accommodation, by d i r ec t  s tudies  of the near point i n  

I 

-._ , 

.- . 

. .  
- .  

-. . 
I - . ,  

Fig.10 - Cil ia ry  Bodyj Presenting Ectactic 
Vessels w i t h  a Slig$tly Thickened Wall 

1 
I 

I 



L .. . . . 

.. -^ . 
chamber t e s t  and then diminishes progressively u n t i l  the  end of the t e s t .  Re- ' 

t u rn  t o  normal a t  sea l eve l ,  at  r e s t ,  takes  place 25 - 45 min a f t e r  leaving t h e  

Fig.11 - Zonule of Z i n n  Presenting a Tendency 
of the  Constituent fi$ils t o  Condense 

. d t i t u d e  chamber. 
-1 

I 
I 

.~ 

Experimentally, i t  was found t h a t  t h e  rapid drop i n  atmospheric pressure 
- - _ _  - __ . __ - . - - - -.__ - - - . - - ~ .- __-. 

I - - -  --- - - - - 
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----  _ _ _ _ _  - 
- .  causes the appearance of gases-dissolved - i n  the retro-ocular adipose t i s sue ,  

meaning t h a t  t h e  volume increases proportionally with t h e  a l t i tude ,  r e su l t i ng  

* i 
-. 

I 

- ,  

_- 

I 

I Fig.12 - Condensation of t h e  f i b r i l s  of the  Zonule .Of Zinn, 
Presenting a P l i ca t e  Aspect1 a t  t h e  Level of t h e i r  Inser t -  
i o n  i n t o  the  Crystall ine Le$s 

- I 

- _ I  i n  a diffused gaseous i n f i l t r a t i o n  of the  o r b i t a l  c e l l u l a r  t i s s u e  - o r b i t a l  , 
I 

r 7-- -I I /emphysema - with consecutive protrusionlof t he  eye and a crep i tan t  sensation 
I 
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Men s l i g h t  pressure i s  exerted on the dcular globe. 

t he  l e v e l  of the o rb i t a l  adipose t issue and having a 
-_ 

- - . .. 
-These gases, expanded at  

modified p a r t i a l  pressure, '  

i n t e r f e r e  wi th  the nerve conduction and wi th  the  repolarization a t  the  leve l  of 

. t h e  c i l i a r y  ganglion, which i s  the  most important s t a t i o n  for all sympathetic 

and parasympathetic nervous f i b r i l s  which lead t o  the formations of the  accom- 

modative system and t o  the e n t i r e  ocular globe. I 

" _  

If the ascents a re  rapid, the gases dissolved i n  t h e  humors change from 

the  soluble form i n t o  t h e  gaseous s t a t e  and lead t o  gaseous emboli. 

pearance of such emboli, nitrogen plays the main ro le  since i t  i s  chemically 

l inked t o  the organism, possesses a reduced d i f fus ib i l i t y ,  and represents 70% 

I n  the  ap- 

- -~ of the  atmosphere. When dissolved i n  fats, i .e. ,  a l s o  i n  myelin, nitrogen pro- 

duces perturbations on the nerve tracks! under the  form of microemboli, nitro- p.7 
- I 
gen distends the nerve sheaths, l ead ing ' to  disorders i n  conductibil i ty.  Ekperi- 

mentally, i n  our histopathological. studies made a t  reduced pressure, we found 

les ions  of an i n f i l t r a t i v e  edematous aspect, hyperemia, hemorrhages, and modi- 

f i ca t ions  i n  the  vascular w a l l s ,  intensifying t h e  revers ible  functional disor- 

1 

__ - I__ - - -. - -I_ __ - - _- - ___ __. - _ _ ~ -  - -_ - -  
' 

_ _  

ders  which appear a t  the l eve l  of the V i s u a l  analyzer of p i l o t s  under condi- 

t i ons  of s l i g h t  hypoxia t o  maXimum intensi ty ,  compared t o  t h e  experimental 

'L values. 
-~ 

I n  all the  cases studied from a ds topa thologica l  Viewpoint, we found a 
-- 

d i s t i n c t  hyperemia a t  the l e v e l  of the diliary body, a descent of the c i l i a r y  

__ process toward the  aequator l e n t i s ;  t h e  /confluent f i b r i l s  of the  zonule of Zinn' 
I i 
, 

- were thickened and relaxed, inser ted i n t o  a grea t ly  bulging c rys t a l l i ne  lens .  
I 

I This histopathological picture  explains the s t a t e  of accommodative spasm , 
1 _ _  

. .bf the c i l i a r y  muscle produced under the negative pressure of great  a l t i t udes ,  

-%---which we a l so  encountered during altitude-chamber t e s t s ,  studied from an-evolu- 
I - . __ - . - __ -- ___--- - -_- -- - -- - _ _ _  _- __ - - 
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t i v e  and dynamic viewpoint by means of the  electric-monocular proximometer . 

The low-pressure myopia extended over a period of 25 - 45 min after leav-, 

i ng  t h e  a l t i t u d e  chamber and was d i r e c t l y  proportional t o  t h e  degree of reduced! 

, 
I 

I 

.- pressure a t  a l t i t u d e s  above 5000 m, i n  subjects t ra ined  f o r  f l i g h t  a t  great  

a l t i t udes .  The low-pressure qyopia being d i r e c t l y  proportional t o  the  degree 

of negative pressure (above 5000 m> o d y  emphasizes t h e  s t a b i l i t y  of t h e  phe- 

nomenon of c i l i a r y  spasm under the  inflpence of a l t i t ude .  

; 

The duration of 

low-pressure myopia i s  i n  d i r ec t  r e l a t ion  with the  t r a in ing  f o r  high-altitude 

_- f l i g h t s ,  c lear ly  demonstratingthe promptness of adaptation of the  c i l iary mus- 

c l e  which probably by then h a s  hypertrophied due t o  t h e  numerous e f f e c t s  of re- p.8 

peated pressure reductions. 
- 

I 

The hypobaric myopia i s  complicatid by a hypoxic myopia r e su l t i ng  i n  oc- 
I I Apparently, no para l le l i sm exists between the  ob-< 

I 

. --, cupational myopia of p i lo t s .  

I -_ tained results: 

‘ - t h a t  of the  punctum proximum indicates  a 

- - - . - - -_. -.- - - - .- - - --.. __ -_ - - I__ - 

Whereas the  accommodation of t h e  punctum remotum i s  normal, 

state of myopia. However, this f a c t  

i s  merely apparent s ince t h e  d i s t an t  s igh t  is normal w h i l e  o n l y  t h e  s igh t  be- 

- tween t h e  punctum remotum and t h e  punctum proximum i s  influenced by the  myopia 

This hypobaric a l t i t u d e  myo- 1 occurring during the  period of reduced Bressure. 

p i a  becomes more pronounced t h e  more t h e  s igh t  approximates the  punctum proxi- , 
I 

_mum. I n  view of t he  f a c t  t h a t  the recordings of the  phenomenon were made dur- 

ing t h e  altitude-thanker tests, i.e., i& an evolutive dynamic manner, one can- , 

not speak of an inverse phenomenon which could have been produced by a decom- 

ipensation o r  desaccommodation, because $he normalization of the  phenomenon 

’ 

, 
- 1 - takes place slowly after the  end of t h e  t e s t ,  i n  proportion with t h e  a l t i t ude .  

The hypobaric myopia i s  produced by theispasm of the  c i l i a r y  muscle under the  

influence of hypoxia, i.e., of t h e  chem$cal component and of t he  p a r t i a l  pres- 
-- i 
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sure of the gases (physical coeonent)  *hich becomes modified and i n t e r f e r e s  

w i t h  t h e  functioning of t he  peripheric nervous system, a t  t h e  level of t h e  op- 

t i c  t r a c t s  and of t h e  cortex. 

proximometry and refractometry i n  the four  groups of p i l o t s  shows an evolution 

of t he  ocular r e f r ac t ion  up t o  hypobaric myopia, which is r e l a t ive ly  high 

A s t a t i s t i c a l  analysis  of the  data  obtained by 
I 

(p < 0.001) with respect t o  the  s t a t e  of rest. 

t h i s  hypobaric myopia, it is recommended i n  se lec t ing  t h e  p i lo t s ,  t o  choose 

Because of t he  appearance of 

those t h a t  exhibi t  a s l i g h t l y  hypermetropic (+l, +2 diopters )  o r  emetropic 

(normal) type  of ocular refract ion.  

worse under the  e f f e c t  of reduced pressure, should be rejected.  

P i l o t s  with myopia which might become 

A.A.Bolohov 

and L. C.Zagorulko (see Bibl.14) demonstrated t h a t  

o n l y  s l i g h t l y  a t  a moderate exygen deficiency ( a t  

- 
' 

but  becomes considerably less at high a l t i t udes .  

greater influence on t h e  visual acuity i n  persons 
.__ - -- - _ _  - -  

t he  v i sua l  acu i ty  changes 

a l t i t udes  of 4000 - 5000 m) 
The hypoxic states exert a 

with re f rac t ion  anomalies, 
- - ._ - - 

- _  
spec i f i ca l ly  i n  t h e  case of astigmatism (I.M.Heller, c i ted  i n  Bibl.14). Con- 

. -sequent ly ,  t h e  se lec t ion  of p i l o t s  from t h e  viewpoint of t h e  type of ocular re- 

f r a c t i o n  i s  of great importance f o r  f l i g h t s  a t  high a l t i t udes  which require  a 

normal emetropic re f rac t ion  o r  even a s l i g h t  hypermetropia of +1 t o  +2 diop- 

ters. A l l  persons suffer ing from myopia, astigmatism, o r  anisometropia should 

-I be re jec ted  even i f  the  differences are minimal (0.5 diopters).  All opt ica l  

'1 ametropias, including t h e  occupational l!ow-pressure myopia, w i l l  l ead  t o  fa- 

ltigue symptoms because of the  considerafile s t r a i n  exerted on t h e  visual ana- 

lyzer  during f l i g h t .  
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I 
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